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The goal of this discussion is to update you onthat allow us to study in great detail the dynam-
advances in HIV diagnostics using standardics of viremia. These resources have been very
serum based assays through four areas of disduseful. Another source of information regard-
cussion. The first is a brief overview of pri- ing primary infection comes from persons with
mary infection, focusing on an understanding known exposure dates, such as needle stick
of the sequential evolution of the window accident cases. In addition, a subset of people
period dynamics of virus and antibody evolu- who present with primary syndrome have dis-
tion. Next we will review the progressive creet exposures that allow us to look at the time
improvements and some of the remaining prob-period from exposure to evolution of markers
lems with respect to screening and confirma-or symptoms. Unfortunately, these cases typi-
tory antibody assays. | will next introduce a cally have very few samples collected or avail-
topic Dr. Janssen and | have worked on exten-able to go back to from time of exposure to
sively, a less sensitive EIA strategy for detect- presentation or seroconversion. Therefore, col-
ing recent infections which allows one to both lectively, they are not as informative, although
project incidence rates and identify recently they do give us critical information regarding
infected people among seropositives for othertime from exposure to marker positivity.

public health and individual treatment applica-

tions. Finally, | will briefly address the poten- Recipients of blood products from seroconvert-
tial role of adding direct virus detection assaysing donors is important from the blood bank
to screening in both blood bank and genera|perspective. This is the case when donors sero-
diagnostic contexts. For an extensively refer-convert and their prior donations have already
enced review of the issues discussed here, théeen transfused.  Large studies by Lyle
interested reader should s&usch MP, Satten Petersen and Glenn Satten at the CDC enabled
GA. Time Course of Viremia and Antibody US to understand the infectious duration prior to
Seroconversion Following Primary HIV Expo- Seroconversion by analyzing the relationship

sure. Amer J Med 1997; 102 (Suppl 5B): 117- between inter-donation interval and transmis-
126 sion. Cohort studies often have samples avail-

able only at three to six month intervals, but
In terms of primary infection, there are data these allow us to go back and test earlier bleeds
from a number of sources that we have to pieceonce seroconversion has occurred. Analyzing
together to get an overall understanding of thelarge numbers of these samples gives us insight
dynamics and time course of primary infection. into the timing and duration of various marker
Much work has been done in this area usingpositivity prior to seroconversion. These are
serial donations from paid plasma donors whoimportant because they are the only source of
donated 2-3 times per week. Not infrequently, cellular samples in which to look at the fre-
these donors seroconvert. Fortunately, the priomquency of provirus detection prior to antibody
donations from these donors are available andormation.
are compiled by several companies into panels
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Finally, animal model data are importanbfthese studies, there is on average about a four-
Although they have limitations in terms of diredeen day period from the time of exposure to
extrapolation to humans, they allow us to eluaivhen patients present with symptomatic infec-
date certain principles that can be very importaidn. Usually when patients present with the
as we look at human data. Using an animgfmptomatic infection, they are already near the
model of SIV where there is sub-mucosal inocpeak antigenemic phase. Samples are usually
lation of virus followed either by biopsy or sacriunavailable to study the pre-antigenemic period
fice of animals demonstrates the concept of emnthese patients.

eclipse phase. This is defined as the period fol-

lowing exposure to an infectious agent prior ©DC data concerning the healthcare worker
the ability to detect any evidence of infectivity ostudy group in the United States involved fifty
marker positivity in the blood. This has bee@ne cases of healthcare workers who became
explained in studies by using these animal madafected following a well-defined needle stick or
els. Specifically when these animals are biopther exposure. When a survival curve is created
sied or sacrificed over the first days to wedkith these data approximately half of the indi-
following inoculation, the only evidence ofviduals were estimated to have tested antibody
infection is in the regional lymphoid tissudositive by the tests used at the time at about
draining the inoculation site. Over the first fefierty days following the exposure event. The
days, one detects infected Langerhans cells tiRgts were quite variable as these data were
have migrated to the draining lymph nodegccrued over approximately ten years. Some of
These draining lymph nodes become factorithe tests were early generation assays that had
producing virus, prior to any evidence of sydess sensitivity than the current assays. Itis quite
temic viremia either in the blood or other lympossible then that the forty day average time
phoid tissue. Then the infection spreads, eitH&pm exposure to seroconversion may have actu-
via lymphatics or directly into blood. This demally been to twenty or thirty days. Nonetheless,
onstrates a transient phase following infectidhere is an average twenty to forty day time
during which an individual may not have anperiod from exposure to antibody seroconversion
markers of infection in their blood and may ndased on this analysis.

be infectious. As we will see in the human data,

there is strong evidence for the existence of sUghportantly, a small number of outlier cases took
an eclipse phase. up to six months to seroconvert. These outlier

cases have been studied rigorously and have

The following discussion is data which haveeen genetically sequenced and compared to the
come from Larry Corey’s Seattle group angource of the needle stick to verify that these
which Schecter et al are beginning to expaii¢ere acquisitions attributable to the needle stick
upon. The data involve the time from exposugxposure. In a small number of these cases,
to when patients present with symptomatic sefghere samples happened to be available from
conversion. There is a marked expansion in tRarlier time points, those samples have been
networks acquiring patients into these eargsted and have been found to be consistently
intervention and pathogenesis trials. Most of tfRNA and p24 antigen negative at the earlier time
current studies are recruiting patients who ap@ints. Only in the bleed immediately prior to
found to have symptoms of a primary syndrom@eroconversion do these individuals become
Again, in a subset of these cases, the individudigemic. These data suggest that these delayed
relate a discrete sexual exposure that allows @@ses of seroconversion are probably attributable
to estimate the time from that sexual exposuret@bdelayed dissemination, probably a prolonged
the presentation with symptoms. From a number
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eclipse phase, not a prolonged phase of vireniiaese data demonstrate the progressive stages of
that could be detectable or infectious. seroconversion. During Stage 1, the RNA load
on a population basis proved to be quite low,
Panels of serial units from plasma donors wergnging from the lower limit of the sensitivity of
identified based on their seroconversion gse assay of approximately 400 copies to about
detected by standard antibody assays. Fori@,000 during the RNA only stage. Once the
nately, there were large volumes of frozeRNA levels reach 10,000 copies, p24 antigen is
plasma components that we could go back d¢ensistently detected (Stage 2), and then as the

prior to pooling, and then test the earlier bleedgtibody matures, we see the viral load drop
We have done work on well over fifty of thesgstages 3-5).

types of panels and the data are extraordinarily
consistent from panel to panel in terms of the a number of the panels, we have been able to
dynamics of the RNA ramp up, decline and stde doubling time analysis based on two or three
bilization, p24 antigen detection, and the seriRINA data points on the up slope of viremia prior
evolution of seroconversion to antibodie® any antibody detection. In those panels we
detected either with the third generation tests @alculated an average doubling time of about 0.9
the less sensitive 1gG direct antibody assays. days, with a range of 0.4-1.4 days. This showed
a rather consistent ramp up rate of viremia. With
By analyzing large numbers of these panels, W& panels that we have developed, we can retro-
have been able to estimate and define the staggsctively estimate when in each panel the viral
of evolution of viral markers. The data can bead would have had a theoretical single copy
summarized by two parameters: stage duratipgr milliliter. If we then plotted all of these pan-
and viral load distribution. The stages that wes on a single time line, based on this extrapo-
can define from these data are a brief peripged viral load doubling time, you would see
when only RNA is detectable and p24 antigejuite a consistent ramp up of viremia in primary
tests and antibody are negative (Stage 1). Th#kction, prior to detectable RNA, with a very
stage is estimated to last about three and a hgléf period of only five to ten days during which
days. This is followed by a period where the lewe viral load is quickly increasing. Therefore,
els of virus increase such that antigen is algfere is a very brief predicted time period during
detectable, but in the absence of any detectafgich there is a sub-detectable level of viral
antibody by third generation assays. (Stagsad.
2)This stage is estimated to last about five days.
Then seroconversion is detectable by the ve@pmbining the needle stick exposure and plasma
sensitive IgM detection EIA assays, but théonor panel data leaves us with the concept of a
Western blot is negative for about three dap®st-exposure proviremic eclipse phase, which
(Stage 3). The blot then goes through a phasethought to be generally quite brief, perhaps on
lasting about five days, where a few ban@serage about ten days, but which can occasion-
appear but the result is indeterminate (Stage dlly be longer, up to six months. It is followed
Then there is a stage that lasts about thirty-fibg the progressive stages of detectable viremia
days when the blot is technically positive by cuwhich are almost undoubtedly infectious, from
rent two band criteria, but would not have be¢he blood bank perspective. For us, one of the
positive by the earlier three band criteria (Stagétical questions is, are these pre-viremic sam-
5). In particular, the p31 band does not matureptes infectious? To address that, a number of
the blot until over a month after the blot is posstudies are underway. One such study involved a
tive by two band criteria. We will revisit thischimpanzee with HIV. The chimpanzee was
issue later. sampled at weekly intervals, became viremic at
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week five, and seroconverted downstream. Eamfe sees enhanced signal very early following
of the weekly samplings were processed and feeroconversion. This improved sensitivity in the
zen as cells and plasma. We went back to twindow period has been demonstrated by using
weeks prior to any detectable viremia and inoa-number of seroconversion panels. The data
ulated that blood sample into a second chimpere compiled from a large number of panels
That chimp was then monitored for threbased on the first detection of p24 antigen. The
months. It did not seroconvert and there was early assays were first licensed in 1985, and left
evidence of infection. We then inoculated thes with a fairly long (approximately 20 days)
chimp with the sample from week four, whiclantigen positive/antibody negative window
was one week prior to detectable viremigeriod. The second generation tests partially
Again, no transmission occurred following inocelosed that window (to approximately 10 days).
ulation. Finally, with the sample from week fiveThe third generation tests almost completely
when the animal became viremic, we observetbsed the antigen positive/antibody negative
secondary transmission with the classical evolwindow period.
tion of markers. This suggests that the pre-
detectable viremic phase is also non- infectiodsurrently being developed and beginning to be
Further studies along this line are underwaynplemented in Europe are fourth generation
The important question that we are left with i&ssays which combine antigen and antibody
will nucleic acid screening completely eliminatgétection into a single assay. This assay com-
the potentially infectious window phase? bines the configuration of a monoclonal p24
antigen capture assay with envelope antigen-
Looking historically at antibody tests, we havbased antibody detection using a third genera-
gone from early first generation assays, whition format assays. These assays use chemi-
were based on crude viral lysates and indirdatminescent, detection which has enhanced per-
antibody sandwich formats, to second generatiftormance in terms of the sensitivity of antibody
assays, which had purified HIV 1 and HIV #etection. A particular example by Roche actu-
antigens, or recombinant or peptide antigens, lallty uses four different p24 monoclonals that
continued to use an indirect EIA format. Thallow detection of p24 antigen from both group
switch to third generation assays was vel and group O HIV 1, recognizes IgG and IgM
important in enhancing sensitivity. by using the third generation format for gp41,
and now has specific subtype O and HIV 2 anti-
In the third generation assays, termed sandw'@dgns represented. These fourth generation
antigen tests, instead of the human antibog¥says are designed to overcome the limitations
binding to the solid phase antigen followed byf subtype detection as well as to couple the
detection of the human antibody using afetection of antigen with antibody thereby
enzyme conjugated to anti-human antibody, tAowing closure of the window period. The data
third generation assays have enzyme conjugajiggicate that the window period reduction from
to the antigen again. In essence, the hum@e first and second generation tests was
antibody is sandwiched between antigen boupstuced by about six days when going to the
to the solid phase and antigen bound to thfird generation tests. These combination anti-
detection conjugate. The advantage plays @#n/antibody tests have now further closed the
with IgM because it has multiple antibody-antiyindow comparably. You do not need to add
gen binding sites allowing it to bind down largantigen as a discrete assay. You are able to run a
numbers of the antigen conjugate molecules f§ihgle screening test and benefit from the sensi-
each IgM molecule detected. As a consequenggity of both antigen and antibody detection.
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Regarding subtypes, HIV 2 became an obvioosving to the third generation antigen sandwich
problem in the mid-1980s. Blood bankfrmat, which, importantly, is based on group B
switched uniformly in the early 1990s to HIV 1lantigens. In contrast, there was no improvement
2 combination tests. Currently, over one hum the detection rate of antigen positive samples
dred HIV 2 infections have been detected in tli@r non B subtypes. As non B subtypes begin to
United States. Despite that, it is interesting thamter a population, we need to be concerned
most public health sector labs in the U.S. stdbout improving the window period sensitivity
use HIV 1 tests, primarily because of the markéor non B subtypes, because the current format
cost differential between the second generatiagsays are not designed to address this issue.
HIV 1 assay and the third generation HIV 1/Rlon B subtypes are beginning to be detected in
combination assays and the complexity of cotiie United States at an increasing rate. In sev-
firmatory tests. If you screen with a combinatiogral recent studies from the northeastern region
test, you have to sort out which virus might b&here large numbers of immigrants and persons
present. An example is the HIV 1 group O, faom endemic countries are screened, significant
problem which came to light in the mid 1990sumbers of non B subtype infections have been
and is still not resolved in terms of testing. Thdentified.

time line within FDA is dramatic in terms of get-

ting tests licensed. Interestingly, the FDA hadhis is also becoming an issue in the donor set-
mandated manufacturers incorporate grouptiog. A CDC surveillance study in which we
not only into the screening antibody test but infsibtyped approximately 400 HIV infected
nucleic acid screening. However, they do ngenors by heteroduplex mobility and identified

mandate detection of HIV 2. To date there af0 A and one C infection. ~These were
on|y two or three group O infections in théequence confirmed. One of the A cases was a

United States relative to hundreds of HIV ®nited States transmission. This indicates a sec-

infections. Yet HIV group O screening seems gndary spread of subtype A in the United States.
be the focus. Perhaps the political visibility dElearly, these non B viral strains are spreading in
these rare variants has led FDA to focus tHee United States, not only through immigration,
manufacturers on detection of this rare variand®it via secondary transmissions.

while ignoring what | think is a much more sub-

stantial and increasing representation of HIv 3N terms of confirmatory testing, the bulk of the
work is still done with viral lysate Western blots.

The non B subtypes are also a screening chBnese have performed well, but they have some
lenge. One recent paper published in AlD®Ibstantial problems. One that | will touch onis,

focused on the relative sensitivity to serocohe sensitivity of screening tests have improved
version of different screening tests for B and nd@ such an extent that the supplemental tests
B subtypes. The study identified B and non 1Biled to detect these early samples as positive.
seroconverters from an African population whbhat leaves us with a concern over EIA reactive,
were detected during the antigenemic phase gt negative or blot indeterminate samples.

the combined use of p24 antigen and the st&Puld they represent real infections? Another

dard antibody assays. The study then examir@@blem is the high indeterminate rates. Finally,

the improvement in seroconversion detection M{g have recently described false positivity of the

the third generation format assays among thenfirmatory Western blots.

two study groups. Focusing on Abbott’s testing _
evolution with respect to the type B infectiondiMmunofluorescence assays perform quite well

the sensitivity for these early antigen positi@ terms of sensitivity. However, very few places
samples went from forty to ninety percent pfj@ve implemented them because of subjective
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interpretation issues. Recombinant antigehundred thousand screened individuals. For
based immunoblot assays have improved sergiite a while these donors were told they were
tivity and specificity, and build into the singlenfected, but in fact, they are not. False positive
confirmatory test viral type discriminationWestern blots are a real problem in the blood
Unfortunately, these tests are not licensed in thank setting. You can predict whether samples
United States, and the FDA barrier to approviddat meet two band criteria but lack p31 are
of these tests is very difficult to overcome. likely to be real or not based on the additional
bands. Basically, the more bands the samples
Using second generation antibody assays, dBve in addition to the double envelope pattern,
from seroconversion panels have shown that more likely it is that these samples will be
seroconversion was not seen until day 21 pegtemic. Again, samples that are technically
RNA detection. The third generation assaypsitive by the current two band criteria, but lack
closed the window to day seven. Importantlg31 should alert one that those samples may be
the Western blot was actually negative early fablse positives. The probability that they are
lowing EIA seroconversion, and then werfhlse positives is related to the underlying inci-
through early indeterminate stages. Although ifence, or the probability that one would have a
the blood bank setting, donors with indetermirue seroconverter in that early seroconversion
nate western blots are virtually never infected, ghase. The JAMA paper illustrates that in the
public health settings, it is possible that a tryéw incidence blood bank setting where we have
seroconverter could be detected as Western Ritincidence of only four per hundred thousand,
indeterminate. Another problem with the Wesgnly very rarely would a donor be estimated to
ern blots is the misinterpretation of false positivse truly infected during that evolving Western
blots. Some samples have shown high levelsgét phase. Therefore the frequency of false pos-
gag related reactivity in the vicinity of gp4litivity is approximately as common as early
These can and have been misclassified as gpAfection with this evolving Western blot pattern.
and can lead to a false positive interpretationg you go to higher incidence populations, the
based on p24, gp41 bands. There is litigatiedntribution of this false positivity to misinter-
over cases like this. A more common problegtetation is much lower. In high incidence set-
that we have detected frequently in blood banﬁﬁgs’ 90% of samples from people who meet
(JAMA 13 Sept., 1998) is double envelope falsge two band positive criteria would be infected.

positive results, with gp41, gp120, gp160. Dagtill, this is an area to be alert to and concerned
from our laboratory have illustrated that serigpout.

bleeds over a period of years showed that donors

who have had these two band positive resulte future of serology confirmatory testing in
(these are called positive with the current critether countries, and hopefully in the United
ria, which no longer require p3l) are noBtates, should move to recombinant antigen
infected. They do not evolve serologically andased assays. The Chiron-RIBA test is an exam-
are negative for HIV RNA. In studies done iple of such an assay which has most of the
blood banks, about half of the blood donors wlmmunodominant epitopes for HIV 1 and HIV 2,
have patterns that are technically positive lyhile incorporating good group O sensitivity,
envelope or p24 envelope criteria but lack p2hd allowing for discrimination among the
are not infected, based on PCR studies and fgfeups and subtypes.

low up.
The last issue | am going to address is develop-

We detect these non-infected but technicallgent of a less sensitive or “detoned” HIV anti-
positive donors at a rate of about of one in obedy assay. In a recent JAMA paper, we
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reported on a test which is a modified Abbo&nother interesting observation regarding the
lysate EIA where we have reduced the concdass sensitive assay was seen in patients
tration of the sample by increasing its dilutiorecruited into early intervention trials. In con-
and also reduced incubations and set a higher certt with a clearance of viral load following
off. In contrast to the standard assays whielarly, highly active antiretroviral drug treatment,
peak and plateau within days of antibody detetese individuals stop seroconverting and in fact
tion, seroconversion evolves more slowly oveerorevert on less sensitive format tests. Con-
time with a less sensitive assay. Over the firstrsely, we observed a rebound effect in patients
120 days or so following standard seroconvesho stopped treatment. There was a viral load
sion, virtually everyone who was recentlyncrease followed by evolution of seroconver-
infected will be classified by the less sensitiaon. This suggests that a simple format, less
assay as a recent seroconverter. Once you s@Bsitive antibody test, could have value in the
beyond 150 days from seroconversion by starontext of monitoring treatment efficacy and
dard methods, virtually everyone is detected esmpliance to drug therapy.

reactive on the less sensitive assay and therefore

considered to be of long standing infection. S0, where are we going from here? There are a
large number of epidemiologic studies in

We have looked at a number of populations wigitogress trying to identify high incidence popu-
varying incidence ranging from one to two pefations, so that we can target resources and coun-
cent, as is seen in high risk populations, tosaling, and focus contact tracing resources on the
blood donor population where the incidence gh incidence subsets. We are focused in the
one to two per 100,000. The results validatétbod bank setting on identifying the opposite,
the approach of using a de-tuned assay to defext the lowest incidence group to target our
recent infections to project incidence estimatdsnation recruitment efforts. Studies are ongo-
that are comparable with the observed incideniog in HIVNET to identify high incidence popu-
rates in these populations. lations for vaccine trials and monitoring vaccine
efficacy. This method also allows for identifica-
We are applying this method to large populatiofign of samples from recently infected people to
using cross sectional sample sets. Large studigsus molecular surveillance of subtypes and
of first time blood donors where we have begftug resistance or envelope diversity analysis on
able to project incidence rates in the range ®fe recently transmitted strains which are the
seven per 100,000 have been quite stable oxg{ding edge of the epidemic. On an individual
time. Now we can look at the incidence in blooggsis, identifying recently infected people
donors broken up by demographics and risk fagmong the positives allows for early referral
tors. Other studies involve prisoners and anonyeatment of these clients. By focused contact
mous testing clinic settings, settings where Weacing on recently infected people, where the
traditionally see incidence rates of two percenfield is predicted to be much higher, we will
We are then able to look at risk factors or othrbpefully be better able to identify and interdict
correlates of incidence. In studies of early HlW¥ansmission networks.
treatment we are now enrolling people based on
this less sensitive EIA. The availability of thi$ want to close by briefly addressing direct virus
test has increased the ability to identify peoptietection issues. Given the very short durations
with early infection by >50% for enrollment intcof the viremic stages prior to seroconversion, the
treatment trials. yield of adding antigen or RNA is very low.
However, in the blood bank setting, we were
mandated several years ago to add p24 antigen
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testing. Within the next year, we will be marhigher incidence populations, screening for
dated to add HIV and HCV RNA screeninddlV RNA at a cost of $5.00 or $10.00 may

Based on pilot studies yield has been very Igwove to have utility in terms of detection of peo-
with numerous complications. Despite thigle with early infection who are potential candi-

these assays, particularly the very sensitive qudites for early treatment. There is also the
itative RNA tests, are maturing. They must q@ossibility that these are the most infectious
implemented in blood banks via mandate. Howsdividuals, and if so, expeditious detection and
ever, | would just suggest that studies be pearly treatment could have broad public health
formed to look at the potential utility of thes@mplications.

assays in diagnostic screening settings. In
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